This paper is a sequel to the ARKIVOC publication [2002 (iii) 103-111] describing the spontaneous conversion of the methochloride (A) of salicylaldazine to the azine (B), which is considered to take place via the oxidation of an N-alkylhydrazone. X-Ray crystallographic aspects of (A), (B) and three related compounds are presented, and a survey given of the conformations of a number of derivatives of the parent compound benzaldazine. Three categories of structure are discerned, one essentially planar, another twisted as a consequence of steric interactions in the neighborhood of the azine system, and a third group having further distinctive features including extreme deviations from planarity.
Introduction
The set of aromatic azines and their derivatives described is of interest on account of the facile de-N-alkylation of the methochlorides (and related compounds) 1,cf.2 , and their interesting physical properties, but it is the conformational aspect that is presently under review. The literature has been scanned in order to make structural comparisons among substituted benzalazines, as has formerly been done eg. by Glaser and co-workers 3 and others cf. 4 ; these compounds have been grouped according to the degree of distortion brought about by interactions within the azine system.
Results and Discussion
Prismatic yellow crystals of salicylaldazine methochloride (A) from methanol or other lowmolecular weight alcohols, were usually threaded with needles of salicylaldazine (B), and furthermore the crystals were twinned; accordingly the structure determined by x-ray diffraction using direct methods of phasing 4 did not have an R-factor of <0.145. However, the Z,E compatible with T1 andT5. This applies also to the T2 and T4 values where tabulated. For this reason the Greek tau symbol is not used).
Set (i). Molecules [ArCH=N-] 2
The prototype 1 (benzalazine) is, but for a 2.4 o rotation of the ring planes, a planar molecule overall.
2 shows the effect of monoprotonation of 1 at an N atom, which gives a T3 value of 5 o , in addition to a 7 o angle between the benzene ring planes. The twist of the benzene rings relative to one another enlarges to nearly 24 o in the p,p',-dibromo derivative 3, T3 here being restored to zero (an antiperiplanar arrangement of N=C groups). Overall planarity of structure characterizes 4, in spite of the seven-carbon terminal chains, and similarly the mixed p-cyano/p-methoxyl derivative 5, apart from the 7 o angle between the benzene ring planes. 6 has been described in detail above (as D), exhibiting a considerable (14 o ) T3 and inter-benzene plane angle (17 o ). 7 is the important example described in full above (B). There is virtual overall planarity, and the structure uniquely allows for strong H-bonding between ortho-OH groups and N atoms. 8, the Me ether corresponding to 6 (D), has a 4 o twist associated with the benzene rings. 9 (4-pyridinium rings instead of phenyl) is unexceptionally planar; 10 and 11 show 11 o and 7 o , conrotatory, benzene-ring twists, and necessarily out-of-plane situations for F substituents in the CH 2 F and CF 3 ethers respectively.
The average N-N bond length (D3) for examples 1-11, all of which are E,E and show minimal effects on the azine system by the p-,p-substituents, is 1.409 +-0.003Å, whereas the universal average for N-N is 1.383-1.403, and for N=N 1.255. The variation is within uncertainty limits, except for 8 and 9 (N-N 1.418 and 1.400 respectively), the termini of which are the most electronreleasing and electron-attracting. Details in Table 1 . In this and subsequent tables centrosymmetric structures are starred. Concerning T3, the central rotational parmeter, the policy was adopted in drawing up the tables that follow to express the tortional angle as a deviation from the 180 o which allows maximum conjugation (because of coplanarity) of the C=N double bonds. This is based on recognition of the fact that the sign of T3 is assigned arbitrarily in the publications cited; signs of the other torsion angles are coherent with the decision made for T3 in particular cases. The signs for the angles recorded here (excepting T3) are as taken from the literature, and values are throughout rounded off to integral numbers. This group of compounds [ArCMe=N-]-2 is markedly different structurally from that described above as Set (i), in that steric hindrance causes distortion about the N-N bond, with the result that T3 tends in some of the cases to be much larger, and the general form of the molecule approximates rather to an orthogonal than a planar structure. There is, however, an observable gradation in this The average bond length N-N for 12 to 19 (all centrosymmetric molecules) is 1.401 Å, with a large scatter (1.390 to 1.409), these being values for 12 (the special case; see above) and 18 (end groups electron-releasing, as for Set (i). If anything this shows that Me replacing H in the azine moiety, releasing electrons on to N, increases the charge and shortens the N-N bond. Another way of regarding the effect of the methyl group is to assume hyperconjugation (the old "no-bond resonance") with H 2 C=N imparting some double-bond character to N-N. Contrariwise, the electron density enhancement by conjugation of p-RO might lengthen N-N. More on the effects of electronegativities of p-groups is given below (see Table 3 ).
For 20 the twist about N-N is large, and disrotation of the benzene rings is large as well; in the case of 21 one ring only is skewed, in spite of the p-substituents being the same. The structural prototype of Set (ii) is acetophenone azine 22, equal to (E), which has T3 41 o and one benzene ring coplanar with C=N, but not the other ring with respect to the adjacent C=N, the latter being (T5) 20 o out of plane. Thus for the two separate halves of the molecule conjugation is preserved in one but not in the other. f Although 32 twisted about N-N, exterior groups R1 and R2 highly conjugated with aryl rings.
Set (iii). Molecules [ArCMe=N-] 2 , all non-centrosymmetric
The group that follows, 20 to 32 forms a relatively coherent set and because of many resemblances to 22 (=E) are tabulated together, with comments as footnotes. The two halves of each azine are independent (T3 finite and large), and although the substitution patterns from 20 to 28 are the same in each molecule, the molecular conformations (T1 vs T5) are different. R1 and R2 differ in 29 to 32. Inter-plane angles for pairs of aryl rings are very large for 22 to 32. Curiously, when 18 and 25 are compared, it is the dibromo compound that has T4 distorted (see Tables 2 and 3 Melting points, and a comparison of structures with those of di-aryl butadienes, might be topics that correlate with these findings. NMR correlations are complementary 15 , and, being solution-based, offset crystal packing effects. Six diagrams of the 46 printed in full in Ref. 4 are appended as Diagram 2 above to illustrate structural diversity among azines; these, given in order of increasing complexity, show in addition to the number given to the molecule (7, 22, 29 etc.), its code letters (SALIAZ, etc.), formula, R factor, and numbered references (7, 5, 8, etc.) . The views of the molecules in boxes lettered A, B and C in each lower left-hand corner show (A) conventional formulae, (B) stereo diagrams with atomic nomenclature, and (C) stereo diagrams orthogonal to those in B.
P2 1 /c, Z=4, a=7.967 (1) b=6.044(1) c=29.407(2) Å, β=95.60 (4) o X-ray diffraction showed that the crystal belonged to the monoclinic system (2/m Laue symmetry). The space group is P2 1 /c , from the following conditions: hkl : none; h0l : l = 2n; 0k0 : k = 2n.
Density and unit cell volume indicated four formula units in the unit cell; direct methods were used to solve the structure. Careful inspection of the x-ray reflections of the crystal, mounted about the b-axis, showed that the crystal was twinned, and the structure obtained was an average one. Refinement did not yield an R factor of better than 0.145. (Evidence of twinning was obtained also for the fluoride, bromide and iodide analogues of the chloride A). (3) o X-ray diffraction showed that the crystal belonged to the monoclinic system (2/m Laue symmetry). The space group is P2 1 /n, from the conditions limiting reflections hkl : none h0l : h + l = 2n 0k0 : k = 2n Unit cell and density measurements indicated Z=4, and hence the formula unit was placed in a general position. Direct methods were used to solve the crystal structure; R factor 0.093. Figure  3 gives ( The general structure of C resembles that of A, both having the atypical Z,E configuration. The dihedral angle between the least-squares planes through A and B is 8.4 (3) o , and the r.m.s. Table 7 , entry (a)] gives stability to the structure. -x+1, -y,-z-1 (b) -x+1, -y, -z-1 (c) -x+1, -y, -z-1 (2) o X-ray diffraction showed that the crystal belonged to the monoclinic system (2/m Laue symmetry). The space group is P2 1 /n, from the conditions limiting reflections hkl : none h0l : h + l = 2n 0k0 : k = 2n Unit cell and density measurements indicated Z=4, and hence the formula unit was placed in a general position. Direct methods were used to solve the crystal structure (R factor=0.043). These data resemble those for C. o X-ray diffraction indicated that the crystal belonged to the monoclinic system (2/m Laue symmetry). The space group is P 2 1 /n, from the conditions limiting reflections hkl : none h0l : h + l = 2n 0k0 : k = 2n Unit cell and density determinations fixed Z=4, and the formula unit of E is placed at a general position. Direct methods for structure determination gave an E-map showing some of the non-hydrogen atoms of two formula units overlapping, with one unit shifted by a distance of one half of a phenyl ring along the axis of the azine (Figure 9 ; projection down b axis). Refinement procedures did not help, but the structure was eventually solved by using the average positions of the two displaced molecules (R factor 0.046). Figure 10 
Figure 12
The molecule (E,E) does not contain a centre of symmetry, but has the torsion angle C(7)=N(1)-N(2)=C(8) equal to -139.2 (2) o . In this and other structural parameters there is good correlation with a published result 5 .
